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Recommendation ITU-T G.8273/Y.1368 

Framework of phase and time clocks 

 

 

Summary 

Recommendation ITU-T G.8273/Y.1368 is a framework Recommendation for phase and time clocks 

for devices used in synchronizing network equipment that operate in the network architecture defined 

in Recommendations ITU-T G.8271, ITU-T G.8275 and the ITU-T G.8271.x-series of 

Recommendations. 
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FOREWORD 

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of 

telecommunications, information and communication technologies (ICTs). The ITU Telecommunication 

Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical, 

operating and tariff questions and issuing Recommendations on them with a view to standardizing 

telecommunications on a worldwide basis. 

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes 

the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics. 

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1. 

In some areas of information technology which fall within ITU-T's purview, the necessary standards are 

prepared on a collaborative basis with ISO and IEC. 

 

 

 

NOTE 

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a 

telecommunication administration and a recognized operating agency. 

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain 

mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the 

Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other 

obligatory language such as "must" and the negative equivalents are used to express requirements. The use of 

such words does not suggest that compliance with the Recommendation is required of any party. 

 

 

 

 

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve 

the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or 

applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of 

the Recommendation development process. 

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property, 

protected by patents, which may be required to implement this Recommendation. However, implementers are 

cautioned that this may not represent the latest information and are therefore strongly urged to consult the TSB 

patent database at http://www.itu.int/ITU-T/ipr/. 
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Recommendation ITU-T G.8273/Y.1368 

Framework of phase and time clocks 

1 Scope 

This Recommendation is a framework Recommendation for phase and time clocks for devices used 

in synchronizing network equipment that operate in the network architecture defined in 

[ITU-T G.8271], [ITU-T G.8275] and the ITU-T G.8271.x-series of Recommendations. 

This Recommendation serves as a framework for phase and time clocks defined in the 

ITU-T G.8273.x-series. It includes annexes with detailed testing and measurement methods of phase 

and time clocks. 

2 References 

The following ITU-T Recommendations and other references contain provisions which, through 

reference in this text, constitute provisions of this Recommendation. At the time of publication, the 

editions indicated were valid. All Recommendations and other references are subject to revision; 

users of this Recommendation are therefore encouraged to investigate the possibility of applying the 

most recent edition of the Recommendations and other references listed below. A list of the currently 

valid ITU-T Recommendations is regularly published. The reference to a document within this 

Recommendation does not give it, as a stand-alone document, the status of a Recommendation. 

[ITU-T G.810]  Recommendation ITU-T G.810 (1996), Definitions and terminology for 

synchronization networks. 

[ITU-T G.8260]  Recommendation ITU-T G.8260 (2015), Definitions and terminology for 

synchronization in packet networks. 

[ITU-T G.8271]  Recommendation ITU-T G.8271/Y.1366 (2017), Time and phase 

synchronization aspects of telecommunication networks. 

[ITU-T G.8271.1] Recommendation ITU-T G.8271.1/Y.1366.1 (2017), Network limits for time 

synchronization in packet networks. 

[ITU-T G.8272]  Recommendation ITU-T G.8272/Y.1367 (2015), Timing characteristics of 

primary reference time clocks. 

[ITU-T G.8273.2] Recommendation ITU-T G.8273.2/Y.1368.2 (2017), Timing characteristics of 

telecom boundary clocks and telecom time slave clocks. 

[ITU-T G.8273.3] Recommendation ITU-T G.8273.3/Y.1368.3 (2017), Timing characteristics of 

telecom transparent clocks. 

[ITU-T G.8275]  Recommendation ITU-T G.8275/Y.1369 (2017), Architecture and 

requirements for packet-based time and phase distribution. 

[IEEE 1588-2008] IEEE 1588-2008, IEEE Standard for a Precision Clock Synchronization 

Protocol for Networked Measurement and Control Systems. 

3 Definitions 

Definitions related to synchronization are contained in [ITU-T G.810] and [ITU-T G.8260].  
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4 Abbreviations and acronyms 

This Recommendation uses the following abbreviations and acronyms: 

1PPS  One Pulse Per Second 

APTSC  Assisted Partial Timing Support Slave Clock 

Cs  Caesium 

cTE  constant Time Error 

DUT  Device Under Test 

ESMC  Ethernet Synchronization Message Channel 

FFO  Fractional Frequency Offset 

GM  Grandmaster 

GNSS  Global Navigation Satellite System 

GPS  Global Positioning System 

MTIE  Maximum Time Interval Error 

PPS  Pulse Per Second 

PRC  Primary Reference Clock 

PRTC  Primary Reference Time Clock 

PTP  Precision Time Protocol 

QL  Quality Level 

SUT  System Under Test 

SyncE  Synchronous Ethernet 

TDEV   Time Deviation 

ToD  Time of Day 

T-BC  Telecom Boundary Clock 

T-BC-A Telecom Boundary Clock – Assisted 

T-BC-P  Telecom Boundary Clock – Partial support 

T-GM  Telecom Grandmaster 

T-TC  Telecom Transparent Clock 

T-TSC  Telecom Time Slave Clock 

T-TSC-A Telecom Time Slave Clock – Assisted 

T-TSC-P Telecom Time Slave Clock – Partial support 

5 Conventions 

Within this Recommendation, the following conventions are used: the term precision time protocol 

(PTP) refers to the PTP protocol defined in [IEEE 1588-2008]. 

The terms dynamic time error and time noise are used interchangeably throughout this 

Recommendation to indicate the jitter and wander components of the timing signal. 
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6 General introduction of phase and time clocks 

This Recommendation serves as a framework for phase and time clocks that have been defined or are 

to be defined in the ITU-T G.8273.x-series of Recommendations. 

The focus of this Recommendation is on packet-based methods for transferring time/phase. Specific 

methods based on the precision time protocol (PTP) [IEEE 1588-2008] are considered. 

The ITU-T G.8273.x-series of Recommendations define the following; however, it is important to 

note that as of the date of publication, there are two documents mentioned below that have not been 

approved yet, they are still under study, thus they may be subject to change: 

 Telecom grandmaster specification. The telecom grandmaster (T-GM) is a device consisting 

of a grandmaster as defined in [IEEE1588-2008] with additional performance characteristics. 

The details of T-GM are specified [ITU-T G.8272]. Other types of T-GM are for further study 

and are expected to be specified in [ITU-T G.8273.1] (currently under study). 

 Telecom boundary clock specification. The telecom boundary clock (T-BC) is a device 

consisting of a boundary clock as defined in [IEEE1588-2008] with additional performance 

characteristics such as noise generation, noise tolerance, noise transfer, transient response 

and holdover. [ITU-T G.8273.2] specifies T-BC. 

 Telecom transparent clock specification. The telecom transparent clock (T-TC) is a device 

consisting of a transparent clock as defined in [IEEE1588-2008] with additional performance 

characteristics. [ITU-T G.8273.1] specifies T-TC. 

 Telecom time slave clock specification. The telecom time slave clock (T-TSC) is a device 

consisting of a slave clock as defined in [IEEE1588-2008] with additional performance 

characteristics. [ITU-T G.8273.2] specifies T-TSC. 

 Partial timing support telecom boundary clocks (telecom boundary clock – partial support 

(T-BC-P), telecom boundary clock – assisted (T-BC-A)) and telecom time slave clocks 

(telecom time slave clock – partial support (T-TSC-P), telecom time slave clock –assisted 

(T-TSC-A)). The details of these clocks are for further study and are expected to be specified 

in [ITU-T G.8273.4] (currently under study). 
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Annex A 

 

Testing and measurement of time/phase clocks 

(This annex forms an integral part of this Recommendation.) 

A.1 Introduction 

Measurement of time/phase behaviour of clocks is substantively different from measurement of 

frequency behaviour of clocks. The basis for the measurement in both cases is time error but for 

frequency-based measurements the time interval error information is extracted and the typical metrics 

used are maximum time interval error (MTIE) and time deviation (TDEV). These metrics are 

appropriate since the absolute value of time error is moot for frequency. In fact, MTIE can be viewed 

as a stability measure based on peak-to-peak time error (over an observation interval) and the 

"average" value is of little consequence. In the case of TDEV, the goal is to characterize the noise 

processes and consequently it is advantageous to suppress the mean time error as well as the (average) 

frequency offset. 

Frequency metrics, such as MTIE, TDEV and fractional frequency offset (FFO) can be applied to 

time/phase clocks and such measurements may have value when assessing the stability of a time 

clock; such metrics are not sufficient to characterize the time error of a time/phase clock. One such 

metric that is distinct from frequency metrics is the constant time error. The use of constant, dynamic 

and frequency metrics to characterize stability of a time/phase clock is for further study.  

The concentration in this Recommendation is on packet-based methods for transferring time/phase. 

For specificity, methods based on PTP [IEEE 1588-2008] are considered. 

NOTE  Here emphasis is placed on grandmaster, boundary clocks and transparent clocks. Slave clocks are 

left for further study. 

A.1.1 Master port time-stamp error 

There are four time stamps that are relevant in PTP. These are: 

 Associated with the SYNC message: 

1) T1: time-of-departure from master port; 

2) T2: time-of-arrival at slave port. 

 Associated with DELAY_REQUEST message: 

3) T3: time-of-departure from slave port; 

4) T4: time-of-arrival at master port. 

Of these time stamps, T2 and T3 are struck at the slave port and are not visible externally (T3 may be 

visible from some devices). Time stamps T1 and T4 are visible externally. T1 is available in the SYNC 

(or FOLLOW_UP) message and T4 is available in the DELAY_RESPONSE message. The accuracy 

of these time stamps is quantified by the difference between the time stamp as struck and the system 

under test time clock at the actual time-of-departure or time-of-arrival of the SYNC and 

DELAY_REQUEST packets, respectively. The measurement device can utilize as its time reference 

for measurement the same reference provided to the grandmaster as described in Annex B. 

It should be noted that T1 and T4 are not single time-stamp values. T1 is the presentation by the master 

port of its best estimate of the time-of-departure of the SYNC message. This shall be presented in the 

originTimestamp plus correctionField of the SYNC message (in one step clocks) or in the 

preciseOriginTimestamp plus correctionField of the FOLLOW_UP message (in 2-step clocks). T4 is 

the presentation by the master port of its best estimate of the time-of-arrival of the DELAY_REQUEST 

message. This shall be presented in the receiveTimestamp of the DELAY_RESPONSE message plus 
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the difference between the correctionField of the DELAY_REQUEST message and the 

correctionField of the DELAY_RESPONSE message. 

Since there are multiple time stamps used to represent the T1 and T4 values, additional error budgeting 

beyond simple single time-stamp granularity may be required. 

A measurement device placed at a calibrated distance from the master port can estimate the time-of-

departure of a SYNC message from the master port by time-stamping the passage of the SYNC 

message. Denote this measurement by T1REF. By parsing the SYNC message (or FOLLOW_UP), the 

time-of-departure of the SYNC message as struck by the master port, T1, is established. The accuracy 

of the time stamp is quantified by the time error (sequence) TE1 given by: 

  𝑇𝐸1 = 𝑇1 − 𝑇1𝑅𝐸𝐹  (A.1.1) 

The observed time error is compared against the specified limit Y1. The pass criterion is: 

  |𝑇𝐸1| ≤ 𝑌1 (A.1.2) 

The limit Y1 is application dependent and is defined in the relevant clock specification. As 

recommended in [IEEE 1588-2008], Y1 is commensurate with the required accuracy of the 

application. The further allocation to constant time error and dynamic time error (time noise) and 

systematic errors is for further study. 

A measurement device placed at a calibrated distance from the master port can estimate the 

time-of-arrival of a DELAY_REQUEST message from the master port by time-stamping the passage 

of the DELAY_REQUEST message. Denote this measurement by T4REF. By parsing the 

DELAY_RESPONSE message, the time-of-arrival of the DELAY_REQUEST message as struck by 

the master port, T4, is established. The accuracy of the time stamp is quantified by the time error 

(sequence) TE4 given by: 

  𝑇𝐸4 = 𝑇4 − 𝑇4𝑅𝐸𝐹 (A.1.3) 

The observed time error is compared against the specified limit Y4. The pass criterion is: 

  |𝑇𝐸4| ≤ 𝑌4 (A.1.4) 

The limit Y4 is application dependent and is defined in the relevant clock specification. As 

recommended in [IEEE 1588-2008], Y4 is commensurate with the required accuracy of the 

application. The further allocation to constant time error and dynamic time error (time noise) and 

systematic errors is for further study. 

Measuring the time-error TE1 is achieved by time-stamping the passage of a SYNC message at a 

calibrated distance from the master port. Similarly, TE4 is measured by time-stamping the passage of 

a DELAY_REQUEST message at a calibrated distance from the master port. If the test device is a PTP 

probe, the relevant time stamps generated in the probe would be the time-of-arrival of a SYNC 

message from the master and the time-of-departure of a DELAY_REQUEST message to the master. 

This is depicted in Figure A.1-1.  

Guidelines for the measurement include: 

a) The master device and the test device are provided with a common time/phase reference and 

it is assumed that any synchronization error associated with locking to this reference is 

negligible. Such synchronization errors should be maintained to a level to facilitate the 

verification of the time error limit. Any systematic errors associated with synchronization 

and one pulse per second (1PPS) interface should be accounted for. 

b) The test device must be calibrated and the time-stamp accuracy and granularity of time 

stamps struck by the test device should be maintained to a level to facilitate the verification 

of the time error limit. 

c) Annex B includes several testing configurations identifying the manner in which an external 

time/phase reference is provided to the different equipment involved. 
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